Abstract -The introduction of Adelges tsugae (Hemlock Woolly Adelgid [HWA]) to the eastern United States has had a devastating impact on Tsuga canadensis (Eastern Hemlock). Although much research has been done to assess HWA impacts on ecosystem processes and vegetation structure, few researchers have examined community-level changes in highly infested forest stands. Here we assess the impact of Eastern Hemlock mortality on vegetation and invertebrate diversity and community structure by comparing low-impact (healthy) stands and stands heavily impacted by HWA. We sampled the vegetative and invertebrate diversity of 8 sites (4 low impact and 4 high impact) in the summer and fall of 2008. We found a shift in the understory plant community and the canopy and subcanopy arthropod communities. Herbaceous plant species richness was significantly higher at high-impact sites, with Betula lenta (Black Birch) being the most common woody species. Overall, forest invertebrate community diversity (measured using the Shannon-Weaver diversity index) was greater in high-versus low-impact sites. Of the 21 indicator species significantly associated with a given forest type, 14 and 7 species were associated with high-and low-impact forests, respectively. Variation in arthropod community structure was driven by above-ground differences; ground-level arthropod community composition did not differ between high-and low-impact sites. These results demonstrate some of the biodiversity impacts that can result from the invasion of an exotic insect into forested systems.
Introduction
Tsuga canadensis Carrière (Eastern Hemlock) is a long-lived and shadetolerant tree that is the dominant conifer species in many forest ecosystems in the eastern United States. Eastern Hemlock has been described as a "foundation spe-Adelgid [HWA] ). HWA is a sap-sucking hemipteran native to Japan, which was Orwig and Foster 1998) . Since its discovery, it has spread rapidly across the geographic range of Eastern Hemlock, and currently infests stands from northern Georgia to southern Maine (McClure 1987 , Orwig and Foster 1998 , USDA Forest Service 2010 . HWA can kill mature hemlocks in as few as four years (but see Ingwell and Preisser 2011) , and HWA-induced hemlock mortality has been documented in all but the most recently colonized portions of the invaded range (McClure 1991) .
Changes in local and regional biodiversity driven by biological invasions are a serious conservation concern and management challenge. Loss of Eastern Hemlock may lead to regional homogenization of forest structure and declines in biodiversity (Ellison et al. 2005b , Tingley et al. 2002 . Models of forest dynamics in the central part of the Appalachians, for example, predict that within 20 years of HWA presence, forest stand structure can be completely altered from hemlock-dominated stands to a dense deciduous hardwood community (Spaulding and Rieske 2010) . Much work has been done on HWA's role in changing ecosystem processes (Kizlinski et al. 2002 , Spaulding and Rieske 2010 , Stadler et al. 2005 , and we are beginning to understand the effect of hemlock loss on hemlock-associated organisms. Ellison et al. (2005b) documented regional reductions in ant species richness in forests with high levels of hemlock mortality. Tingley et al. (2002) found that hemlock mortality was correlated with sharp reductions in the densities of several bird species. They also found that hemlock mortality reduced breeding population densities and/or led to the local extirpation of two hemlock obligates, Dendroica virens Gmelin (Black-throated Green Warbler) and Empidonax virescens Vieillot (Acadia Flycatcher). In addition, Snyder et al. (2002) examined aquatic invertebrate diversity by comparing streams in hemlock stands to those in hardwood stands. They found 11 taxa that were strongly associated with hemlock forests, 3 of which were found exclusively in hemlock-shaded streams.
In light of the essential role played by terrestrial invertebrates in forest food webs, research assessing the effects of HWA on invertebrate diversity is important for addressing conservation issues and future restoration efforts (Mahan et al. 2004) . Despite this need for information, there have been relatively few studies assessing the broader invertebrate communities that are associated with Eastern Hemlock forests. Falcone and DeWald (2010) examined invertebrate communities in imidacloprid-treated and untreated stands of HWA-infested Eastern Hemlock in the eastern region of Great Smoky Mountain National Park (GSMNP) in North Carolina and Tennessee and found a decrease only in Lepidoptera larvae in the imidacloprid-treated sites. Dilling et al. (2007) examined the structure of insect guilds associated with immature and mature hemlock forests in GSMNP in Tennessee. They found Eastern Hemlock forests were dominated by transient (33.5%), scavenger (25.5%), and predator (22.2%) guilds. While both of these studies were based in the southern-most portion of the Eastern Hemlock range, Rohr et al. (2009) compared insect species and functional groups associated with Eastern Hemlock and their expected replacement (mixed-hardwood forests) in the mid-Atlantic region of the Appalachian Mountains in Virginia.
7 taxa that were indicators of hemlocks. They predicted that a net increase in arthropod abundance and family-level diversity would occur as hardwoods replace hemlock stands in the Appalachians.
Here, we extend the geographic range of these studies and more directly measure the impact of HWA by evaluating differences in the community composition in heavily and lightly affected hemlock stands in New England. Specifically, we use an approach similar to that of Rohr et al. (2009) , to investigate the immediate response of invertebrate and vegetative communities to HWA-associated hemlock mortality. While previous studies have focused on hemlock stands in the southern and central portions of the HWA-invaded range, ours is the first to examine invertebrate and vegetative community responses in New England, where the population dynamics of the adelgid and its impacts are more heterogeneous both spatially (Preisser et al. 2008 ) and temporally (Paradis et al. 2008) , as a result of the proximity of populations to their ecological limits. The patchy nature of adelgid impacts in New England (Preisser et al. 2008) provides the opportunity to directly compare HWA-devastated Eastern Hemlock stands to healthy hemlock forests in the same region. We used previously compiled datasets (from Foster 1998, Preisser et al. 2008 ) to identify stands with low and high levels of HWA infestation and hemlock mortality while minimizing differences in terrain, such as elevation, soil type, and secondary vegetation (Young et al. 2002) . Our objective was to describe vegetation and invertebrate communities associated with Eastern Hemlock forests and changes in these communities resulting from HWA-associated hemlock decline.
Field-Site Description and Methods

Study design and site selection
We compared vegetation and terrestrial invertebrate diversity and comthat have suffered relatively little HWA-related damage. Because HWA has invaded New England from the south and moved northward, we can use a "space-for-time substitution" experimental design (Cowles 1899 ) that uses the existing geographic gradient of HWA infestation as a proxy for a temporal gradient. This design is essential because changes within an individual forest stand may take years to manifest. We sampled the vegetation and invertebrate communities in 8 hemlock stands, choosing 4 stands in southern Connecticut that show a great degree of HWA-induced mortality (high impact) and 4 stands in northern Connecticut that are healthy with low HWA infestation levels (low impact) (Preisser et al. 2008 provides stand-level HWA impacts). Sites were selected from a pre-existing dataset of 79 hemlock stands (surveyed in 1997/98, 2005, and 2007 ) located throughout Connecticut. Each stand has been extensively surveyed for a variety of ecosystem characteristics such as elevation, slope, aspect, terrain shape (concave or convex), solar illumination, and vegetation composition (Orwig and Foster 1998) . These stands have also been repeatedly surveyed for HWA density, hemlock mortality, and overall stand health (Preisser et al. 2008 . In order to strengthen our ability to perform between-site comparisons, we chose sites with similar terrain, hardwood co-dominants, and understory vegetation communities (Young et al. 2002) . Our goal was to minimize regional variability in order to detect changes directly associated with HWA infestations. The sites we chose had similar slopes (low impact: 9.7 ± 5.61%; high impact: 21.3 ± 7.38%), stand areas (low impact: 44.6 ± 9.48 ha; high impact: 36.5 ± 12.17 ha), and humus depths (low impact: 4.21 ± 0.59 cm; high impact: 3.88 ± 1.42 cm). The lowand high-impact sites were also similar in deciduous tree size (low impact: 21.4 ± 1.15 cm dbh; high impact: 23.7 ± 1.92 cm dbh) and crown class (low impact: 2.4 ± 0.11; high impact: 2.6 ± 0.09; see Orwig and Foster 1998 for a detailed explanation of this variable). The high-impact study sites located in southern Connecticut had experienced 35-70% stand losses of Eastern Hemlock in the mid-1990s due to HWA (see Guilford sites in Orwig and Foster 1998) . In the northern regions where the low-impact sites were located, HWA was not present at any of the study sites in 1998, but was detected in 2005 surveys in the region (Preisser et al. 2008 ).
Invertebrate sampling methods
Our invertebrate sampling regimen was designed to parallel the methods used by Rohr et al. (2009) in their census of hemlock invertebrates. We used a variety of techniques to collect specimens from multiple forest strata that represent a broad range of primary guilds (Table 1) standardize methods among sites. Specimens collected using each sampling method (described below) were stored in ethyl alcohol and initially sorted into different morphospecies (except for Acari which were only sorted to order). Following the initial sorting process, we identified each morphospecies to family. The USDA Systemic Entomological Laboratory provided assistance with identifications. Reference samples are currently stored with the USDA Forest Service Northern Research Station in Hamden, CT, and will be permanently stored with the Yale-Peabody Museum.
Ground-zone sampling methods. 1) Six pitfall traps were deployed at each site along 2 transects, running parallel to the top and bottom edge of each 20-x ethanol. After three days, the traps were collected and the invertebrates recovered. 2) Ten leaf-litter samples were collected from randomly selected locations 0.25-m frame was placed on the ground and all leaf litter and debris within the frame was collected and placed in a plastic bag. Upon return to the laboratory, the invertebrates were extracted from leaf-litter samples into ethyl alcohol over a 5-day period using a Berlese funnel.
Subcanopy zone sampling methods. 1) Six sweep-net samples of low-lying vegetation were collected from randomly chosen starting locations within the 20-x 20-m plot on the first day of sampling. All sweep-net samples were taken on a north-south axis and consisted of a 10-m transect with a sweep taken every 1 m (10 sweeps per sample, for a total of 60 sweeps per site). Captured invertebrates were transferred to a kill jar. 2) Beat-sheet samples were taken from five randomly selected understory trees/shrubs (defined as >1 m in height but not reaching the uppermost layer of the canopy within the plot and surrounding forest) within the 20-x 20-m plot on the first day of sampling. A 1-x 1-m beat sheet was used to catch invertebrates dislodged in a 45-second sampling period. During the sampling period, one researcher vigorously shook the vegetation while another researcher used an aspirator to collect the dislodged invertebrates. Invertebrates that were too large to fit in the aspirator were collected by hand. Following the sampling period, all invertebrates were transferred to a kill jar. 3) One 0.5-m lower branch clipping was collected from 5 randomly selected trees/tall shrubs (defined as >1 m height) within the 20-x 20-m plot on the first day of sampling. Each branch clipping was placed in a sealed plastic bag. Immediately upon return to the laboratory, all branch clippings were placed in a -15 o C freezer for a minimum of one day. Following this period, each branch clipping was inspected and any invertebrates were manually removed.
Upper branch sampling methods. Using a pole pruner 2 m in length, a single 0.5-m branch clipping was taken from the highest reachable foliage (3.5-4 m above ground level) on each of 5 randomly selected canopy trees within the pruner upon being clipped and placed directly in a plastic bag and sealed. Immediately upon return to the lab, all branch clippings were placed in a -15 o C freezer for a minimum of one day. Following this period, each branch clipping was inspected and invertebrates manually removed.
Vegetation sampling methods
when personnel with vegetative taxonomic experience were able to assist. Canthe diameter at breast height recorded. Four 3.5-x 3.5-m subplots, 2 along each transect used to place pitfall traps, were sampled to identify the shrub stratum at each site. These subplots were sampled for vegetation cover and abundance using the Braun-Blanquet cover-abundance method (Wikum and Shanholtzer 1978) .
cies. Six 1-x 1-m subplots, 3 along each transect used to place pitfall traps, were sampled to identify the herbaceous layer within each plot. All vegetation <1 m in
HWA and hemlock sampling methods
We counted the number of hemlock trunks reaching breast height within HWA densities were counted by randomly selecting 4 branchlets per tree (one in each cardinal direction) representing both the current year's and previous year's growth. HWA density was determined by counting the number of HWA sistens per cm of branchlet growth.
Tree condition and other major herbivores
We assessed tree health and canopy density using a rating system quantifying the percentage of needles remaining in the lowest, middle, and upper tree canopy; details of this rating system are discussed elsewhere (Preisser et al 2008) . All high-impact sites had <24% of hemlock needles remaining, almost exclusively on the upper portion of the trees. A second invasive herbivore, Fiorinia externa Ferris (Elongate Hemlock scale [EHS] ) was present at all sites surveyed (MillerPierce et al. 2010 , Preisser et al. 2008 . EHS can cause premature needle loss when present in high densities, although tree mortality is rare (McClure 1980 , Radville et al. 2011 . One low-impact site with a relatively high EHS infestation had 50-74% of hemlock canopy remaining; all other low-impact sites had >75% of hemlock canopy remaining.
Statistical analyses
Community composition was graphically compared among high-and lowimpact hemlock stands using non-metric multidimensional scaling (NMDS), an ordination approach well suited for use in ecological data where assumptions of normality are often violated (see McCune and Grace 2002 for discussion).
Ordinations were generated using a Sorensen (Bray-Curtis) distance measure, and groups were statistically compared using a multi-response permutation procedure (MRPP) statistic. Both NMDS and MRPP were conducted using PCOrd v. 5.31 (MjM tm Software). Species richness and abundance, pooled across sampling methods to compare the communities at the stand-level, were computed using EstimateS (Colwell 2009 ). Shannon-Weaver diversity indices were calculated using the equation H' = -p i ln(p i ). Indicator species analysis was conducted using PCOrd v. 5.31, with 4999 randomizations (MjM tm Software). For comparing differences in hemlock mortality, number of plant species, and HWA density by stand type, ANOVA was used in the statistical software program JMP v. 7.0 (SAS Institute, Inc. 2007).
Results
Low-impact and high-impact sites varied significantly in vegetation structure (Fig 1) . Although the number of mature (DBH > 9 cm) deciduous hardwood tree species found did not differ between high-impact and low-impact habitats (mean # of trees ± SE: 8.25 ± 2.92 and 12.5 ± 1.19, respectively; F 1,7 = 1.18, P = 0.23), high-impact sites had fewer surviving hemlocks than low-impact sites (1.5 ± 0.65 trees and 20.5 ± 2.72, respectively; F 1,7 = 46.09, Figure 1 . Vegetation analysis comparing low-and high-impact forest sites. Sites varied P < 0.001) and the mean number of understory species present (P = 0.038). Differences in the number of P = 0.227). Bars represent plot means ± standard error. P < 0.001). In contrast, high-impact sites had a greater richness of herbaceous plants than low-impact sites (mean # species ± SE: 9.5 ± 2.90 and 1.5 ± 0.87, respectively; F 1,7 = 6.98, P = 0.038). High-and low-impact sites did not, however, differ in terms of shrub richness (mean # species ± SE: 1.3 ± 0.75 and 1.0 ± 0.41, respectively; F 1,6 = 0.08, P = 0.78). The most common species at high-impact sites in the herbaceous and shrub layer were Betula lenta L. (Chestnut Oak; 7%). A single hemlock seedling was found in the understory (<1 m) at one high-impact site. Vegetation in the herbaceous and shrub layer at low-impact sites was dominated by Eastern Hemlock (44% of individuals), Red Maple (13%), and Quercus alba L. (White Oak; 13%). Black Birch was not found at the low-impact sites. In addition to richness and abundance, we compared communities using the Shannon-Weaver diversity index. This index uses species richness and evenness to calculate a value typically ranging from 1 to 5. Our results indicate that the high-impact forests are more diverse and even in vegetative communities than the low-impact forests (2.44 ± 0.16 and 1.45 ± 0.14, respectively; F 1,6 = 21.3, P = 0.004; Table 2 ). HWA densities differed between site type, with high-impact sites averaging 11.6 HWA/cm new growth versus 0.22 HWA/cm for low-impact sites (F 1,6 = 32.5, P < 0.002).
We collected 8787 specimens of 623 morphospecies belonging to 5 different arthropod classes: Arachnida, Malacostraca, Diplopoda, Chilopoda, and Hexapoda. All individuals in the order Acari were grouped together. Acari were the most abundant order in the healthy hemlock stands, comprising almost half of the arthropod samples collected (Fig. 2) . The arthropod community in the high-impact sites consisted primarily of Acari and Collembola, followed closely by Coleoptera. The most abundant feeding guild in all of the sample sites and seasons were predators, followed by detritivores and 27.0 ± 3.6 7.8 ± 0.8 1.45 ± 0.14 phytophages (Fig. 3) . Parasites and mycophages rounded out the 5 most commonly collected feeding guilds.
Invertebrate community composition indices revealed the two stand types varied in both species richness and abundance (Table 2) . Throughout this section, "species" refers to morphospecies within a given family; although we attempted to identify organisms to genus and species, a lack of taxonomic expertise (also cited as a problem in Rohr et al. 2009 ) meant that family was the lowest taxonomic level we could consistently identify with accuracy. Species abundance and richness were higher during the summer collection times than during the fall. Because we were most interested in comparing overall community structure rather than seasonal differences, we pooled the collection methods and sampling dates in our analyses except in Table 2 , where both seasonal and pooled data are reported. High-impact sites had a lower arthropod abundance than low-impact sites (451 ± 79.2 and 612 ± 140.0 individuals/location, respectively; Table 2 ), but were essentially equivalent in species richness (113 ± 16.3 and 110 ± 13.3 morphospecies, respectively; Table 2 ). The high variability displayed in the standard error value for the arthropod abundance in the low-impact sites is attributed to over 800 mites that were collected in pitfall traps at one low-impact location. The Shannon-Weaver diversity index indicates that the high-impact forests are slightly more diverse in invertebrate communities than the low-impact forests (3.65 ± 0.17 and 2.89 ± 0.30, respectively; Table 2 ).
Indicator species analysis revealed 21 species that were statistically associated with a given forest type; 14 of these were high-impact indicators, while 7 were low-impact indicators (Table 3) . All of the feeding guilds collected were represented among the indicator species. The most abundant indicator species was a Geophilomorpha sp. centipede, all 223 individuals of which were collected in low-impact stands. The rarest indicator species were all found in high-impact sites and include species from the Phalangidae (5), Nabidae (5), and Anthicidae (7) families (Table 3) The total number of individuals of that particular morphospecies collected during the study. *P < 0.05 **P < 0.01 ***P < 0.001
Examining community composition based on sampling method, the most distinct differences between low-impact and high-impact sites occurred while sampling in the subcanopy and upper branch zones (using branch clips, beat sheets, and sweep-net methods; Fig. 4 ). Because our analyses revealed no sigcomparing low-impact and high-impact sites for future analyses and are referred to as the canopy community (Table 4) . A post-hoc analysis of the different strata in the stands indicates the high-impact and low-impact locations differed in community composition at the canopy and subcanopy levels (MRPP P = 0.016; Table 4 , Fig. 4) . In contrast, arthropod community composition at the ground level did not differ between the two types of sites (pitfall and leaf-litter methods; P = 0.278 and P = 0.422, respectively).
Discussion
The spread of HWA across New England has provided the opportunity to examine the biodiversity impacts of HWA invasion in Connecticut, where the impact of the adelgid has varied across space and through time. When we began our study in 2008, HWA had only recently reached several of our low-impact sites to differences in vegetation composition and diversity in high-and low-impact stands, we also documented hemlock regeneration at the low-impact sites, while the species regenerating in the forest gaps at high-impact sites consisted mostly found an inverse relationship between HWA density and hemlock recruitment Foster 1998, Preisser et al. 2011 ) and is consistent with other studies documenting the replacement of Eastern Hemlock by multiple hardwood species (Mahan et al. 2004, Spaulding and Rieske 2010) . Other studies have also shown -derstory immediately after hemlock mortality Foster 1998, Rohr et al. 2009 ). Black Birch was the most abundant species in the herb and shrub layer in the high-impact sites in our study.
Past studies have shown that arthropod communities are highly sensitive to changes in vegetative structure, host condition, genotype, and ontogeny (Dungey et al. 2000 , Schaffers et al. 2008 , Trotter et al. 2008 , Wimp et al. 2005 . Invasive herbivores can induce changes in native arthropod communities by increasing competition on a shared host, thus reducing vegetative Table 4 . Statistical comparisons of arthropod community composition among canopy strata and between high-and low-impact stands. Community composition did not differ statistically among upper canopy, lower canopy, sweep-net, and beat-sheet collection methods, and were pooled to create the "canopy" stratum. Groups: 1 = canopy in high-impact sites, 2 = leaf litter in high-impact sites, 3 = pitfall traps in high-impact sites, 4 = canopy in low-impact sites, 5 = leaf litter in low-impact sites, and 6 = pitfall traps in low-impact sites. Bold values are significant at P < 0.05. MRPP = multi-response permutation procedure. A is the chance-corrected withingroup agreement (0 = no within-group homogeneity, 1 = perfect within-group homogeneity). T is the calculated test statistic. diversity, displacing native organisms, and altering ecosystems (see Kenis et al. 2009 for review) . What is less understood is how these communities will change as a result of an introduced forest-altering herbivore. We documented rapid changes in the understory vegetative communities and a corresponding shift in the subcanopy-and canopy-level invertebrate communities within these ecosystems. The fact that ground-level arthropod diversity did not differ between high-and low-impact sites suggests that species in this habitat are either less reliant on specific plant species or that they exhibit a delayed response to changes in vegetation structure. This result is intriguing because it suggests that alterations in leaf-litter changes were less important to groundfeeding arthropods than foliar changes were to herbivores. Spaulding and Rieske (2010) found that once HWA has reached high densities in a hemlock stand, it can take up to 20 years for vegetation structure to shift to a hardwood-dominated community. McClure (1991) documented HWA infestations in southern CT starting in 1986 (East Hampton, East Haddam, and Essex) and 1987 (Guilford, CT). Although the exact dates of initial HWA infestation in our study plots are unknown, we documented changes in vegetative structure between areas at the onset of HWA invasion and in heavily affected stands where hardwood regeneration is already occurring (Orwig and Foster 1998) . These data provide a trajectory of community change and highlight the importance of monitoring currently and newly infested stands to provide additional data on the rates of change induced by adelgid infestation. The most abundant organisms collected in the ground-level sampling methods were Acari. Although we were unable to identify Acari past order, Rohr et al. (2009) found several Acari species were indicators of Eastern Hemlock forests in the Appalachian Mountains of Virginia. Acari were among the 5 most abundant orders of invertebrates collected in both the low-and high-impact sites, and were the most abundant organisms in low-impact sites. Although it is possible (and could reveal community-level changes, the resources necessary to support this work were not available at the time of this study, though the material remains available for future analyses.
MRPP
In addition to providing data on the impact of the adelgid in the northern range of HWA, this data allows for a comparison of the impacts of the adelgid across its entire invaded range. Rohr et al. (2009) 
provides a detailed account of indicator
The class Chilopoda was represented by 5 morphospecies belonging to the order Lithobiomorpha among our collections. One of these morphospecies belonged to the family Lithiobiidae, another indicator taxa of hemlock forests in SNP (Rohr et al. 2009 ); although relatively rare, this morphospecies was collected exclusively -ily Mycetophilidae (Diptera) in both high-and low-impact sites, none of which appeared as indicator species among our collections. This result contrasts with the fact that members of the Mycetophilid genus Tetragoneura are indicators of hardwood forests while the Mycetophilid genus Mycomya is an indicator of hemlock forests in SNP (Rohr et al. 2009 ). Other hemlock indicator species in SNP included Odiellus pictus (Opiliones: Phalangiidae) and Parajulidae sp. (Diplopoda: Julida) (Rohr et al. 2009 ). While not indicators in our study, we collected 2 Opiliones morphospecies in the genus Phalangium (Phalangiidae), and 2 morphospecies belonging to the order Julida (Diplopoda), one of which was present at both kinds of sites and one of which was present only at low-impact occurred in both studies, and that further evaluation of the potential ecological roles and monitoring uses of indicator species may improve our landscape-scale understanding of the impact of HWA.
member of the ground-running family Corinnidae and one member of the sheetweb-building family Hahniidae (Table 3) . Predatory indicator species may -ties which they consume, indicating that their prey species are less abundant or absent at high-impact sites (Hartman 1977) . Interestingly, another morphospecies in the order Hahniidae was an indicator of high-impact forests (Table 3) .
Leiobunum as indicators of hardwood forests in SNP. In our study, we collected several morphospecies impact sites. Biting midges (Diptera: Ceratopogonidae; Table 3 ) provide another indicator of low-impact forests. Midges breed in wet grounds, and the understory of hemlock forests are much cooler and damper than the gaps created after HWA invasion and resulting hemlock mortality.
Our study has shown that the presence of HWA and ensuing loss of Eastern Hemlock has led to rapid shifts in the vegetation and arthropod community composition of New England hemlock forests. As hemlock forests are replaced by deciduous hardwoods across New England (but see Ingwell and Preisser 2011) , our research suggests that the result will be a more diverse suite of understory vegetation that includes species such as Black Birch, Red Maple, Canada Maycharacteristics of intact Eastern Hemlock forests will also shift in favor of communities dominated by the orders Orthoptera and Coleoptera (class Insecta) and Collembolans (class Entognatha). The lack of a strong effect of hemlock loss on overall invertebrate diversity belies the fact that the HWA-mediated removal of are unique to hemlock. Ultimately, our work demonstrates that the herbivoremediated removal of a foundational tree species has the potential to substantially alter forest communities throughout New England. Comments by the editor and two anonymous reviewers improved the clarity of the manuscript. Funding for this work was provided by a Sigma Xi Grant-in-Aid-of-Research and a URI Graduate Research Grant to LI. Additional funding was provided by an AES Hatch grant and NSF DEB#0715504 to EP.
